The RelA transcription factor is part of dimeric complexes, most commonly either p50-RelA (NF-kB) heterodimers or RelA homodimers, that control a variety of cellular processes. Immortalized embryonic ®broblasts established from rela knockout mice have previously been shown to be more sensitive to apoptosis induced by tumor necrosis factor (TNF) than are control ®broblasts. In this report, we show that one line of rela7/7 ®broblasts has additional phenotypes that distinguish them from control mouse ®broblasts. As compared to normal 3T3 cells, RelAde®cient ®broblasts have a spindled morphology, are less adherent to culture dishes, grow to a higher saturation density, and can form colonies in soft agar. These properties are consistent with a weakly transformed phenotype for rela7/7 cells. Furthermore, RelA-de®cient ®broblasts can form tumors in immunode®cient mice, but these tumors regress, probably because of the sensitivity of these cells to TNF. The ability of rela7/7 ®broblasts to form colonies in soft agar can be reverted by re-expression of wild-type mouse RelA, but not by expression of RelA mutants that cannot form homodimers. There is no clear correlation between the absence of RelA and the levels of expression of other Rel/NF-kB family members or adhesion proteins (ICAM-1 and VCAM-1) whose genes have upstream kB sites. Taken together, these results suggest that RelA has tumor suppressing activity under some circumstances and that RelA complexes are involved in the control of a variety of cellular properties associated with oncogenesis.
Introduction
The vertebrate Rel/NF-kB family of transcription factors includes ®ve members: p50, p52, c-Rel, RelA, and RelB (reviewed in Gilmore, 1999) . These factors can form most combinations of homodimers or heterodimers, and these dimers have distinct anities for DNA target sites (collectively called kB sites) to in¯uence the expression of many genes (reviewed in Pahl, 1999) .
The most abundant Rel/NF-kB complex in the majority of cell types is speci®cally called NF-kB and is comprised of a p50-RelA heterodimer. However, RelA can also form homodimers and heterodimers with p52 and c-Rel. rela knockout mice die embryonically at approximately day e15, primarily due to massive liver apoptosis (Beg et al., 1995) , which is the result of an increased sensitivity of embryonic hepatocytes to circulating levels of tumor necrosis factor alpha (TNFa) (Doi et al., 1999) . In addition, primary and immortalized ®broblasts established from rela knockout mice show increased sensitivity to TNFa-induced apoptosis in vitro, and transient transfection of a RelA expression vector into these cells reverses their sensitivity to TNFa (Beg and Baltimore, 1996) . These results have led to the hypothesis that the increased sensitivity of RelAde®cient cells to TNFa is due to the lack of expression of anti-apoptotic genes controlled by RelA-containing complexes. However, in several other cases, the induction of NF-kB activity is required for apoptosis (reviewed in Barkett and Gilmore, 1999) . For example, Ryan et al. (2000) have shown that induced NF-kB activity is required for p53-mediated apoptosis, and that rela7/7 mouse embryonic ®broblasts are resistant to p53-induced cell death, even though they show increased sensitivity to TNFa-induced cell death.
In this report, we have further characterized an immortalized ®broblast cell line that is derived from rela knockout mice. Our results show that these RelA-de®cient cells have a number of phenotypes consistent with a weakly transformed state. These results suggest that rela7/7 cells have a variety of physiological dierences from normal 3T3 cells, and are the ®rst direct demonstration that RelA can have a tumor suppressing function.
Results
The sensitivity of RelA-deficient fibroblasts to TNFa-induced cell death can be reversed by stable expression of mouse RelA Beg and Baltimore (1996) showed that immortalized rela7/7 mouse ®broblasts are more sensitive to TNFa-induced apoptosis, and that this trait can be reversed by transient expression of RelA. Consistent with those results, we also found that RelA-de®cient mouse ®broblasts are more sensitive to TNFa-induced apoptosis than are control 3T3 cells (Figure 1a ). In addition, we transfected RelA-de®cient ®broblasts with a pcDNA-hygro expression plasmid for mouse rela and established a cell line expressing RelA at a level somewhat above that of control 3T3 cells ( Figure  1b) . This cell clone, re-expressing RelA, showed a reduced sensitivity to TNFa-induced apoptosis, which was similar to that seen with control 3T3 cells ( Figure  1a) . Thus, both transient and stable expression of RelA in rela7/7 ®broblasts can increase their resistance to TNFa-induced apoptosis.
RelA-deficient fibroblasts show alterations in morphology, adhesion, and saturation density, as compared to control 3T3 cells While culturing rela7/7 ®broblasts, we also noted a number of other dierences between them and control 3T3 cells. First, RelA-de®cient ®broblasts show a spindled morphology as compared to normal 3T3 cells (Figure 2a) . Second, using a trypsin sensitivity assay to assess the relative strength of attachment of cells to tissue culture dishes, we found that rela7/7 cells detach from tissue culture dishes approximately ®ve times more rapidly than control 3T3 cells when treated with trypsin ( Figure 2b ). In the stable cell clone reexpressing RelA, both phenotypes are more like control cells: that is, rela knockout cells that are reexpressing RelA are¯atter and are more resistant to trypsin-induced detachment (Figure 2a,b) . Finally, the growth of RelA-de®cient ®broblasts is also distinct from normal 3T3 cells in that RelA-de®cient ®broblasts grow to a higher saturation density (Figure 2c ). (Conversations with a number of other researchers who have used these same rela7/7 cells have con®rmed that reduced adherence and increased growth are seen with all stocks of these cells.)
RelA-deficient fibroblasts can form colonies in soft agar
Because the morphological, adhesion, and growth phenotypes of RelA-de®cient ®broblasts are similar to those seen in malignantly transformed 3T3 cells, we assessed the ability of RelA-de®cient ®broblasts to form colonies in soft agar, a strict criterion for the transformed state. As shown in Table 1 and Figure 3a , RelA-de®cient ®broblasts can form colonies in soft agar, albeit at an approximately 50 ± 75-fold reduced eciency as compared to Ras-transformed 3T3 cells. Nevertheless, the RelA-de®cient colonies that form in soft agar are similar in size to those seen with Rastransformed cells (Figure 3b ). However, we noted that the soft agar colonies that form with rela7/7 cells are generally more compact than are those that form with Ras-transformed cells, which appear more loosely packed and often frayed at the edges. Importantly, the RelA-de®cient clone re-expressing RelA did not form colonies in agar (Table 1, Figure 3b ).
The ability of RelA-deficient fibroblasts to form colonies in soft agar is not suppressed by RelA mutants defective in the formation of homodimers It was dicult to maintain rela7/7 cell clones expressing high levels of RelA, and with extended passage, expression of exogenous RelA was lost. Therefore, as a second and more rapid method of determining whether re-expression of RelA in rela7/7 cells suppressed their ability to form colonies in soft agar, we ®rst created a retroviral expression vector for mouse rela; this vector also contained the selectable gene for puromycin resistance. rela7/7 cells were then infected with virus stocks of the rela expression vector (or of the control vector, pBABE-puro, lacking the rela gene). Cells were grown and selected in the presence of puromycin for 2 days, and were then trypsinized and placed directly in soft agar. As shown in Table 2 , infection of rela7/7 cells with the rela retroviral vector reduced soft agar colony formation by approximately fourfold as compared to uninfected rela7/7 cells or to cells infected with the control virus. (We suspect that the residual soft agar colonies that form after infection with rela virus arise from cells that are not expressing RelA or are expressing RelA at a low Figure 1 Stable expression of RelA decreases the sensitivity of RelA-de®cient ®broblasts to TNFa-induced apoptosis. (a) The relative sensitivity of the indicated cell types to apoptosis induced by TNFa was determined as described in Materials and methods. Cells were treated with 15 ng/ml or 50 ng/ml of TNFa for 16 h. The relative number of viable cells was then determined by staining the plates with crystal violet stain and is relative to the number of cells seen in untreated controls (100) (Zong et al., 1998) . rela7/7+RelA indicates a cell line that was transfected with a mouse RelA expression vector and selected for hygromycin-resistance and stable expression of RelA. (b) Western blotting with anti-RelA antiserum was performed on the indicated cell types. RelA is indicated by the arrow level that cannot suppress the ability to form colonies in soft agar.) Western blotting con®rmed that cells infected with the rela virus expressed RelA, whereas uninfected and control virus-infected rela7/7 cells did not express RelA (Figure 4 ). These results further indicate that re-expression of RelA can suppress the ability of rela7/7 cells to form colonies in soft agar.
Wild-type RelA can bind DNA as homodimers or as heterodimers, generally with p50 and p52. Ganchi et al. (1993) have previously described mutants of human RelA that cannot form homodimers but can still form heterodimers. To determine whether the ability of RelA to suppress the transformed phenotype in rela7/7 ®broblasts requires that RelA be able to form homodimers, we ®rst created the analogous mutants in mouse RelA. As shown in Figure 5 , mouse RelA mutants C216S and S276A do not bind DNA when synthesized alone (requiring homodimer formation) but can bind DNA in heterodimers with p52. When expressed from mouse retroviral vectors (Figure 4 ), neither C216S nor S276A could suppress the ability of rela7/7 ®broblasts to form colonies in soft agar (Table 2) .
RelA-deficient cells can form tumors in scid mice
As a ®nal test of the transformed state of rela7/7 cells, we assessed their ability to form tumors in immunode®cient mice. As shown in Table 3 , RelAde®cient cells injected subcutaneously into scid mice formed readily detectable tumors within 7 ± 10 days. However, these tumors had uniformly regressed by 3 weeks after injection. In contrast, NIH3T3 cells did not form tumors in scid mice and Ras-transformed 3T3 cells formed tumors that progressively increased in size and did not regress.
Protein expression in RelA-deficient cells
At least several hundred genes are known to be targets for Rel/NF-kB activity (Pahl, 1999) . Based on the growth and adhesion phenotypes of the RelA-de®cient cells, we chose to look at the expression of proteins whose genes are known to contain kB sitesÐthe adhesion proteins ICAM-1 (intercellular adhesion molecule; van de Stolpe et al., 1994) and VCAM-1 (vascular cell adhesion molecule; Iademarco et al., 1992) , the proto-oncoprotein c-Rel (Hannink and Temin, 1990; Capobianco and Gilmore, 1991) ± and other Rel/NF-kB family members. For comparison, the levels of these same proteins and proteins expressed bỳ housekeeping' genes (b-tubulin and actin) were also measured in normal 3T3 cells and in Ras-transformed 3T3 cells (Figure 6 ). First, the levels of b-tubulin and actin did not vary appreciably among the three cell types. In contrast, the levels of the Rel family proteins and the adhesion proteins were quite varied among these three cell types and not consistent with either the phenotype of the cells (normal vs transformed) or their levels of RelA protein. For example, the expression of Rel/NF-kB family members c-Rel, p50, and p52 was consistently increased in rela7/7 cells as compared to normal 3T3 cells. However, the levels of c-Rel and p50 were also increased to a similar extent in Ras-transformed cells, which express levels of RelA like 3T3 cells. RelA- 
Discussion
In this study, we show that a commonly-used rela7/7 immortalized mouse ®broblast cell line has a number of phenotypes that indicate that these cells have a malignantly transformed phenotype, which can be reversed by re-expression of RelA. Moreover, although rela7/7 cells can form tumors in immunode®cient mice, these tumors regress.
It will obviously be of importance to determine the phenotypes of other independently derived rela7/7 primary and established embryonic mouse cells. However, the transformed phenotype of the RelAde®cient ®broblasts we have characterized here is clearly attributable, at least in part, to the lack of RelA, in that re-expression of RelA reduces the ability of these cells to grow in soft agar. Malignant transformation is not a general phenotype of cells missing an individual Rel/NF-kB subunit, as one line of c-Rel-de®cient ®broblasts that we have characterized is not transformed (data not shown).
The transformed phenotype of RelA-de®cient cells suggests that RelA has, under certain conditions, a tumor-suppressing function. At least four other studies are consistent with this hypothesis. First, Cogswell et al. (2000) have shown that primary human breast tumors have little or no nuclear RelA, even though they have increased levels of nuclear c-Rel, p50 and p52. Second, a mutation in the human RELA gene, which reduces the transactivating ability of RelA, has been detected in a myeloma (Trecca et al., 1997) . Third, transgenic mice that express a constitutive IkBa inhibitor, which would inhibit all Rel/NF-kB activity, in skin cells develop squamous cell carcinomas (van Hogerlinden et al., 1999) . Fourth, overexpression of rela has recently been shown to decrease the tumorigenicity of a breast cancer cell line (Ricci et al., 2001) . The inability of RelA mutants that are selectively Figure 4 Re-expression of RelA proteins (wild-type or C216S or S276A mutants) in rela7/7 cells. rela7/7 cells were infected with virus stocks of empty vector (pBABE) or of the indicated rela expression vectors. Infected cells were selected with puromycin for 2 days. Cell extracts from control 3T3, uninfected rela7/7 or infected rela7/7 cells were prepared as described in Materials and methods. Lysates containing equal amounts of total protein were analysed by Western blotting with anti-RelA antiserum. RelA is indicated by the arrow Figure 5 Mouse RelA mutants C216S and S276A cannot bind DNA as homodimers but can form DNA-binding heterodimers with p52. The indicated in vitro-translated proteins were incubated with a radiolabeled kB probe and samples were analysed in an EMSA. The positions of the relevant homodimer and heterodimer complexes on DNA are indicated by arrows defective in the formation of homodimers to suppress the transformed state in RelA-de®cient cells (Table 2) suggests that RelA homodimers control speci®c genes required for the maintenance of the normal state. These results, taken together with results that have implicated increased nuclear Rel/NF-kB activity in tumorigenesis (Gilmore et al., 2002) , suggest that a critical balance of Rel/NF-kB activity may be important for maintaining a normal growth phenotype. Western blotting shows that rela7/7 cells express increased levels of Rel/NF-kB family members c-Rel, p50 and p52 (Figure 6 ). However, the expression of c-Rel and p50 is also increased in Ras-transformed cells. Therefore, it is not clear whether the increased c Tumor status 21 days post-inoculation. As one animal injected with rela7/7 cells was sacri®ced at day 7 to ensure that a tumor had formed, only 5 rela7/7 animals were monitored for tumor status at day 21. NA, not applicable Figure 6 Comparison of selected protein expression in control 3T3 cells, rela7/7 cells, and Ras-transformed 3T3 cells. Western blotting for the indicated proteins was performed on cell extracts containing equalized protein amounts from the designated cell types, and a representative gel is shown. The relative expression of each protein is relative to the expression in 3T3 cells (1.0). Values are the averages of two (RelB, p50, p52), three (RelA, actin, tubulin) or four (c-Rel, ICAM-1, VCAM-1) separate experiments expression of these Rel/NF-kB proteins in RelAde®cient cells is a manifestation of the transformed state, a`compensation' in these cells for the lack of RelA, or a random variation in established cell clones.
The increased expression of c-Rel in rela7/7 transformed cells and in Ras-transformed cells is particularly intriguing in that c-Rel is the Rel/NF-kB family member for which increased expression is most often associated with cancer: v-Rel (derived from avian c-Rel) is the only consistently oncogenic Rel/NF-kB family member; ampli®cation and mutation of c-rel has been found in several human malignancies (Rayet and GeÂ linas, 1999; Gilmore et al., 2002) ; and overexpression of human or mouse c-Rel can transform and immortalize primary chicken lymphoid cells (Gilmore et al., 2001) . Ras-transformed cells, which have increased levels of c-Rel ( Figure 6 ) and increased nuclear NF-kB-like transactivating activity (Finco et al., 1997) , have no consistent pattern of expression of proteins encoded by several NF-kB target genes; that is, Ras-transformed cells show increased expression of c-Rel, greatly reduced expression of VCAM-1, and unchanged levels of ICAM-1, as compared to control 3T3 cells. Taken together, our Western blotting results indicate that the overall levels of Rel/NF-kB family members in established 3T3-like cell lines do not predict the levels of known NF-kB target gene products in these cells. Thus, the levels of such proteins may be a consequence of a variety of physiological changes that have occurred in established cell lines.
Moreover, our Western blotting results also do not suggest why RelA-de®cient cells show an altered morphology and reduced adherence. The lack of a reduction in expression of VCAM-1 and ICAM-1 in RelA-de®cient cells could be the result of increased expression of c-Rel substituting for the function of RelA in controlling the expression of these genes. In contrast, the reduced adherence of Ras-transformed cells may be explained in part by a reduction in VCAM-1 expression, which as far as we know has not been previously reported. Similarly, the more compact soft agar colonies that form with RelA-de®cient cells (as compared to Ras-transformed cells) may be due to the increased expression of ICAM-1 in rela7/7 cells.
The phenotypic and protein expression changes that have occurred in rela7/7 cells raise the question of whether the increased sensitivity of RelA-de®cient ®broblasts and hepatocytes to apoptosis induced by TNFa (Beg and Baltimore, 1996) is solely due to decreased expression of anti-apoptotic genes or is also a result of altered growth regulation or adherence in these cells. The increased TNFa sensitivity of rela7/7 ®broblasts is probably not simply a consequence of their transformed state because Ras-transformed cells have been reported to have no alteration in their sensitivity to TNFa (Jo et al., 2000) .
We do, however, believe that the rapid regression of tumors formed by rela7/7 cells in immunode®cient mice (Table 3) is due to the increased sensitivity of these cells to TNFa, in that immunode®cient mice challenged with tumor cells can still produce TNFa and retain normal natural killer cell activity (Dorshkind et al., 1985; Bancroft et al., 1989) . Wang et al. (1999) have shown that treatment with TNFa can speci®cally induce the regression of tumors in which NF-kB has been inhibited by expression of an IkBa super-repressor. Therefore, the rela7/7 transformed cells that we have characterized here may provide an additional model for studies on the ability of TNFa or chemotherapeutic agents to aect tumor development in cells with altered NF-kB activity.
In summary, our results indicate that rela7/7 immortalized ®broblasts are quite dierent in several ways from normal 3T3 cells. Therefore, caution should be used in comparing the behaviors of these cells, and in attributing phenotypes solely to the lack of RelA in these cells.
Materials and methods

Plasmids
Plasmid pcDNA3.1/Hygro-MoRelA was constructed by subcloning a HindIII-XbaI fragment containing the mouse rela cDNA into pcDNA3.1/Hygro+ (Invitrogen, Carlsbad, CA, USA). Plasmid pBABE-RelA was constructed by subcloning a HindIII-EcoRI fragment containing the mouse rela cDNA into pBABE-puro (Morgenstern and Land, 1990) . Site-directed mutagenesis of mouse rela was performed by PCR using the following mutagenic oligonucleotides as primers: 5'-GGGATGAAATATTCTTGCTGAGCGACAA-GG-3' (RelA-C216S primer) or 5'-CGGCGGCCTGCCGAT-CGCGAGC3' (RelA-S276A primer). RelA-C216S PCR product was digested with ApaI/BsaBI and subcloned into mouse rela that was also digested with ApaI/BsaBI. RelA-S276A PCR product was digested with BsaBI/NruI and subcloned into mouse rela that was also digested with BsaBI/ NruI. For the in vitro expression of truncated RelA proteins (amino acids 1-313), HindIII-BspHI/Klenow-treated fragments encoding the N-terminal region of RelA were subcloned into pGEM3 that had been digested with HindIII and HincII. The in vitro expression plasmid for p52 (pGEM4-p52K) has been described previously (Sif and Gilmore, 1993) .
Cell culture and trypsin sensitivity assay
The rela7/7 cells were a kind gift of Mark Hannink (University of Missouri, MO, USA), who obtained the cells from the laboratory of David Baltimore (California Institute of Technology, CA, USA). These cells were derived from the original rela knockout mice and have been described previously (Beg and Baltimore, 1996) . NIH3T3, Rastransformed 3T3, and RelA-de®cient ®broblasts were maintained in Dulbecco's Modi®ed Eagle Medium (DMEM), supplemented with 10% heat-inactivated fetal bovine serum (FBS), 50 units/ml penicillin and 50 mg/ml streptomycin at 378C with 5% CO 2 .
To select for a cell clone expressing exogenous RelA, rela7/7 cells were transfected with pcDNA3.1/HygroMoRelA, and selected with 400 mg/ml of hygromycin B (Sigma Corp., St. Louis, MO, USA) for approximately 2 weeks. Individual clones were than propagated in media containing hygromycin B, and were screened for expression of RelA by Western blotting.
To assay for trypsin sensitivity, 35 mm dishes containing subcon¯uent cultures were washed twice with TD (25 mM Tris-HCl pH 7.5, 137 mM NaCl, 5 mM KCl, 0.3 mM Na 2 HPO 4 ), and were then incubated with 1 ml of trypsin (0.05% trypsin, 0.53 mM EDTA (Gibco Invitrogen, Carlsbad, CA, USA)). Dishes were incubated at room temperature, and plates were monitored by microscopy until approximately 90% of the cells had released from the dish.
For soft agar colony formation, cells were trypsinized, counted, and duplicate plates containing dierent dilutions of cells were placed in 0.3% bacto agar in DMEM containing 10% FBS and penicillin and streptomycin. Colonies were counted 14 ± 16 days later.
Assay for sensitivity to tumor necrosis factor TNFa sensitivity was quanti®ed using a crystal violet staining assay as described previously (Zong et al., 1998) . Sixteen hours after TNFa treatment, cells were washed with phosphate-buered saline (PBS), ®xed in formaldehyde-saline (0.9% NaCl, 10% formaldehyde) for 10 min, and washed twice with PBS. Cells were stained with crystal violet dye (0.05% NaCl, 0.35% formaldehyde, 0.15% w/v crystal violet dye in PBS, 10% ethanol) for 5 min. Plates were then washed ®ve times with PBS. To elute the dye, plates were incubated in 1 ml of 1% SDS in PBS for 1 min. The optical density of the eluate was measured at 595 nm.
Preparation of RelA retroviral stocks and infection of RelA-deficient cells
Virus stocks for the expression of RelA proteins were prepared by transfecting BOSC23 packaging cells with pBABE-RelA plasmids using the SuperFect Transfection Reagent, according to the manufacturer's protocol (Qiagen, Valencia, CA, USA). Two days later, virus was harvested.
One day prior to infection, RelA-de®cient cells were passed at a density of 5 x 10 5 cells per 100 mm plate. The next day, media was removed, and 3 ml of the viral supernatant containing 4 mg/ml polybrene was added. Cells were incubated for 3 h at 378C with 5% CO 2 . Seven milliliters of fresh media was then added to the cells, and the cells were incubated for 2 days. Selection with puromycin was then done at a concentration of 2.5 mg/ml (Sigma Corp., St. Louis, MO, USA) for approximately 2 days.
Western blotting
Extracts from subcon¯uent, exponentially growing cell cultures were prepared by resuspending cells in AT buer (20 mM HEPES, pH 7.9, 1 mM EDTA, 1 mM EGTA, 20 mM NaF, 1 mM Na 4 P 2 O 7 , 1 mM Na 3 VO 4 , 1 mM dithiothreotol, 20% v/v glycerol, 1% v/v Triton X-100, 1 mg/ml leupeptin and pepstatin). Cells were scraped and collected in a microcentrifuge tube. Cells were then passed through a 27-gauge needle at least ®ve times and NaCl was added to a ®nal concentration of 150 mM. Cell lysates were clari®ed by centrifugation in a microcentrifuge at 48C for 30 min. Cell lysates containing equal amounts of proteins were separated on 7.5% or 12.5% SDS-polyacrylamide gels and proteins were transferred to nitrocellulose membranes (Micron Separation Inc., Westborough, MA, USA). The following primary antibodies (dilution; source) were used: anti-RelA (1 : 2000; antiserum against C-terminal residues of RelA, a kind gift of Nancy Rice); anti-RelB (1 : 1500; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA, catalog #sc-226); anti-c-Rel (1 : 500; Santa Cruz Biotechnology, sc-71); anti-p50
(1 : 500; Santa Cruz Biotechnology, sc-7178); anti-p52 (1 : 500; Santa Cruz Biotechnology, sc-298); anti-ICAM-1 (1 : 200; Santa Cruz Biotechnology, sc-1511); anti-VCAM-1 (1 : 500; Santa Cruz Biotechnology, sc-1504); anti-actin (1 : 1000; Santa Cruz Biotechnology, sc-1616); and anti-b-tubulin (1 : 500; Santa Cruz Biotechnology, sc-9104). Immunoreactive proteins were detected with horseradish peroxidase-labeled secondary antibodies and Suprasignal Dura West chemiluminescence (Pierce, Rockford, IL, USA).
Electrophoretic mobility shift assays
Wild-type or mutant (C216S or S276A) RelA proteins (amino acids 1 ± 313) or p52 alone were transcribed and translated in vitro using the SP6 coupled wheat germ extract system according to the manufacturer's protocol (Promega Corp., Madison, WI, USA). For reactions containing both RelA and p52, proteins were co-translated. Equal amounts of the in vitro-translated proteins were then incubated with a radiolabeled kB site probe at 308C for 30 min. Samples were then electrophoresed on a 5% polyacrylamide gel and complexes were visualized by autoradiography (Sif and Gilmore, 1993) .
In vivo tumorigenicity assay NIH3T3 cells, Ras-transformed 3T3 cells and RelA-de®cient cells were grown in DMEM containing 10% fetal bovine serum until approximately 80% con¯uent. The cells were then trypsinized and resuspended in DMEM without serum or antibiotics at a concentration of 2610 7 cells/ml. Fiveweek-old male Fox Chase ICR scid mice were injected subcutaneously with 1610 7 cells/0.5 ml (for 3T3 and rela7/7 cells) or 1610 6 cells/0.5 ml (for Ras-transformed cells) in each¯ank. The mice were kept in autoclaved cages containing sterile food and water, which were changed twice a week under a laminar¯ow hood. The mice were monitored for the appearance and growth of tumors for 21 days. The mice were maintained in the Laboratory Animal Care Facility at Boston University. After 10 days, three mice injected with rela7/7 cells were opened to con®rm the presence of tumors and were then sutured. After 3 weeks, all mice were sacri®ced and opened to assess the state of the tumors.
